Remotely Sensed Images are composite images consisting of large number of spectral bands, from electromagnetic spectrum.
INTRODUCTION
Remotely Sensed Images are captured by sensors over Visible, NIR-Near Infrared, MIR-Middle Infrared and FIR-Far Infrared Region of electromagnetic spectrum. Matrix representation of image at a particular wavelength is called spectral band. Multispectral Image (MSI) is a composite image made of multiple bands captured by remote sensing devices. It can be viewed as a multilayered matrix whose elements are the pixels, xy plane is spatial representation of the pixels and third dimension is spectral domain [1] consisting different bands.
Advanced multispectral sensor systems capture images with large number of spectral bands. As the number of spectral bands increases in an image, Analysis and working on them becomes complex [3] . Performing pixel based Classification on such an image takes lot of time and decreases efficiency of the system. As the large data generated is of the same area and captured at same time, so there is a probability that data is highly correlated. Dimensionality reduction is achieved by band selection and is a process of selecting bands which are not highly correlated. It facilitates in removing redundant data without the loss of information and reduces the amount of data to be processed.Principal Component Analysis (PCA) is most commonly used technique for band selection. PCA is a decorrelation technique that reorganizes data in the direction of maximum variance [4] . It is widely used for dimension reduction but it may not yield best results for classification [5] .
The technique used in this paper for band selection is Canonical Analysis. The advantage of this technique over PCA is, it is based on the concept of within-class and between-class scatter matrices. It is based on Fisher's discriminant analysis which maximizes the between-class scatter matrix and simultaneously minimizes within-class scatter matrix. This paper is structured into different sections. Section 2 describes Canonical Analysis and Section 3 describes band selection process. Section 4 explains how CA is implemented on MSI. Section 5 shows the experimental results and Section 6 gives future work.
CANONICAL ANALYSIS
Canonical Analysis is based on within the class and between the class scatter matrices, which are computed from total mean and mean of each class. CA uses the Fisher's linear discriminant equation to find eigenvalues of each class and their corresponding eigenvectors. For c class problem, there will be c-1 non-zero eigenvalues [5] . These eigenvalues and their corresponding eigenvectors are used to compute loading factor matrix, which depicts the discriminating power of each band to discriminate c classes. The band with highest discriminating power is assigned the highest priority. Finally, lower priority bands are ignored and dimensionality of MSI is reduced.
Suppose there are a 1 , a 2 , a 3 … a c classes in the image and y ij is the j th sample vector in class i. Let N i be the number of samples in i th class and total number of samples is N=N 1 +N 2 +….N c . Total mean is calculated as
( 1) and mean of i th class is
Distance between two samples within same class as well as separate classes is computed. Within-class Scatter Matrix (S w ) represents within class sample distance. It is computed as:
Between-class matrix (S b ) is the difference between class mean and total mean of the image and thus represents between class sample distances. It is computed as:
Total scatter matrix (S t ) is 
where S b is the scatter matrix between classes and S w is scatter matrix within same class. Solving the equation is equivalent to solving the generalized eigenvalue problem [4] .
Or equivalently,
provided S w is non-singular.
If there are c classes in the given sample, the rank of S w will not be more than c-1 [5] . Thus, equation (9) will generate c-1 nonzero eigenvalues to discriminate c classes. For each eigenvalue, its corresponding eigenvector is computed.
BAND SELECTION
Band selection is the process of prioritizing the bands according to information they convey and reducing the dimensionality of the image by removing bands with lower priority [1] . There may be quite large number of bands over a small wavelength range. Thus bands which are adjacent to each other convey related information. Such bands can be removed without much loss of information.
From eigenvalues and eigenvectors discriminating power of each band is computed and loading factor matrix is formed. Suppose {λ i }i=1 to l where l is number of bands, are the nonzero eigenvalues and V i = (V i1 ,V i2 …V il ) T is an eigenvector corresponding to eigenvalue, λ i calculated from equation (9 (10) By sorting ρ k in decreasing order, we can select band with highest priority and leave lower priority bands.
CANONICAL ANALYSIS ON MULTISPECTRAL IMAGE
In this paper CA is implemented on a multispectral image with seven spectral bands and seven classes. Firstly, mean of each class and total mean is computed. Using these results, Scatter matrix within class is computed using equation (3).
Following Table shows within scatter matrix values where row is a class and columns are bands.
Table1: Within-class Scatter Matrix
Next, between-class scatter matrix is computed using within class mean and total mean from equation (4 From above table, it is clear that band 6 has zero eigenvalue, therefore its eigenvector is not calculated and it is the band with least priority. Eigenvectors corresponding to their eigenvalues are shown in the following table where each column is an eigenvector. Further loading factor are calculated, from which discriminant power using equation (10) is computed and assigned to each band. The discriminantpower of each band is shown in the following table. The band with highest discriminating power has highest priority. Thus, it is evident from the table that bands with increasing order of priority are 1, 3, 5, 7, 4, 2. Bands with low priority are removed for dimensionality reduction.
Experimental Results
The input image used in this paper is LANDSAT 7 ETM+ image. It has seven spectral bands and each band has 30 meter spatial resolution. Image dimensions are 169 x169 with TIFF extension. The image after randomly selecting bands 2, 3, 5 is as follows 
FUTURE WORK
After reducing the dimension of MSI, feature extraction will be performed. Textural and Spectral features will be extracted and these features will be used for training purpose, in classification of MSI using neural networks.
